Summary. We examined the heart rate changes induced by forced breathing and by standing up in 133 healthy subjects in the age range 10-65 years in order to establish a data base for studies on parasympathetic heart rate control in autonomic neuropathy. Test results declined with age. Log-transformation was used to define the lower limit of normal (P0.10) and an uncertainty range (values between P0.10 and P0.025). The lower limit of normal decreased from 22 to 11 beats/ min for forced breathing and from 26 to 16 beats/rain for standing up, with age increasing from 10 to 65 years. No subject scored below and only two subjects scored in or below the uncertainty range for both tests. Lack of correlation between both tests (r = 0.17) documents the different afferent mechanisms of the reflex heart rate changes. In combination these two tests form a simple and reliable bedside method to establish cardiac vagal neuropathy.
Impaired vagal control of heart rate (HR) has been described in a variety of diseases, such as diabetes mellitus [1] [2] [3] , uraemia [4] and rheumatoid arthritis [5] . In patients with diabetes mellitus, cardiac vagal dysfunction is most often detected in longstanding disease, but damage to the autonomic nervous system may even be present at diagnosis [6] . Abnormal autonomic cardiac function is prognostically important because it may be associated with a high mortality [7] . Instantaneous HR changes with forced breathing [1- 3, 6, [8] [9] [10] and after the transition from lying to standing [7, 8, [10] [11] [12] are used as simple bedside tests to assess vagal HR control. In order to establish a data base for delineating abnormal vagal HR control from normal, we compared instantaneous HR changes with forced breathing and after standing up in 133 healthy volunteers in the age range 10-65 years.
Subjects and Methods
Normal subjects consisted of medical students, hospital personnel and community volunteers. No medication other than oral contraceptives was used. Subjects were grouped according to age: 10-29 years (n = 64), 30~49 years (n =48), 50-65 years (n =21). Values for resting HR, blood pressure, weight and height are given in Table  1 . Subjects were examined in the morning (70%) or in the afternoon (30%), at least I h after the last meal. They were requested to abstain from coffee and cigarettes on the day of the experiment. The instantaneous HR (beats/min) was determined by a cardiotachometer and monitored on a pen recorder (Servogor RE 511). The subjects rested in a supine position for at least 5 min before the measurements were started. The resting HR was taken as the mean value over a 30-s period preceding the tests.
Forced Respiratory Sinus Arrhythmia
The subject was instructed to perform six consecutive maximal inspirations in the supine position at a rate of 6 breaths/rain [1- 3, 6, 8] . From the pen recording we measured the mean difference between the maximum and minimum instantaneous HR during each of six consecutive cycles of forced inspiration and expiration:the I E difference (beats/rain) [1- 3, 6, 8] .
Standing Up from the Supine Position in 3-5 s
A marker connected to the pen recorder was used to identify the moment the subject began to stand up (time t = 0 in RR-interval number RRo). A correction of I s was made to allow for the reaction time of the subject and the fact the cardiotachometer lagged one cardiac cycle. The following measurements were made: (a) AHR ..... (beats/min), Tmax (s) and the number of the corresponding shortest RR-interval RRmin [8, 12, 13] (b) A HRmi,. Train and the number of the corresponding longest RRinterval RRmax [8, 12, 13] For comparison with other studies [8, 12, 131 we also determined the RR30/RRI5 ratio and the RRmax/RRmin ratio. Blood pressure was measured at rest and after 1 rain in the erect posture.
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Statistical Analysis
Test results were log-transformed because the data from each age group gave positively skewed distributions [14] . The log-normal data were fitted to the linear regression model log Y = a + bX (~( stands for test score, X for age). We calculated the 90% confidence limits for individual observations [14] . In order to establish a range of values from probably normal to probably abnormal -an uncertainty range -we also calculated the lower one-sided 90% and 97.5% confidence limits (P0.10 and P0.025). The regression coefficient (b) was tested for deviation from zero. Differences between group means were tested using Student's 't' test. The regression equation and the confidence limits were transformed back into normal scale. Correlation was calculated using Pearson's product moment correlation (r). Ap < 0.05 was considered to indicate a significant difference.
Results
No influence of sex was found. Test results in the morning and afternoon did not differ significantly. Consequently all results were pooled.
Forced Respiratory Sinus Arrhythmia
The I-E difference ranged from 7 to 51 beats/min and declined with age (Fig. 1) . The regression of the I-E difference with age is described by the equation log I-E difference = 1.5732 -0.0060 x age. The regression coefficient was significantly different from 0 (p < 0.001). The median I-E difference decreased from 33 to 15 with age increasing from 10 to 65 years. The lower limit of the 90% confidence interval (P0.05) decreased from 19 at the age of 10 years to 9 at the age of 65 years. The uncertainty range (P0.025 to P0.10; Fig. 1 , hatched area) shifted from 17-21 to 8-10. Two subjects scored below and 18 subjects scored within the uncertainty range. Correlation between I-E difference and resting HR was very poor (r = 0.31).
Immediate Heart Rate Changes After Standing Up
Orthostatic hypotension (systolic pressure fall ~> 30 mmHg) was not observed. The time course of instantaneous HR changes showed a very characteristic response: an abrupt HR rise starting after <~ 1 s, a peak around t = 12s and a trough around t = 22s ( Table 2) . HR continued to increase very little ( < 5 beats/min) in only 11 subjects after 15s of standing up. For practical purposes the highest HR in the first 15 s was used as a measure for the initial peak HR rise to standing.
The AHRma~ ranged from 14 to 47 beats/min and declined with age (Fig. 2) . The regression of AHRma~ with age is described by the equation log AHR~a~ = 1.5864 -0.0039 x age. The regression coefficient was significantly different from 0 (p < 0.001).
The median AHRmax decreased from 35 to 22, P0.05 from 22 to 13 and the uncertainty range (Fig.2,  hatched area) shifted from 20-25 to 12-15 with age increasing from 10 to 65 years. No subject scored below and 17 subjects scored within the uncertainty range. The correlation between A HRmax and resting HR was very poor (r = 0.23). On average AHRmax was reached around RR15 and AHRmi n around RR30. However, since there were considerable individual differences, the RR30/RR15 ratio underestimated the RRmax/RRmin ratio ( Table 2) .
The RRmax/RRmin ratio ranged from 1.08 to 1.98 and declined with age. The regression of the RRma~/ Retain ratio with age is dercribed by the equation log RRmax/RRmin = 0.2009 -0.0014 x age. The regression coefficient was significantly different from 0 (p <0.001). The median RRmax/RRmi n decreased from 1.54 to 1.29, P005 from 1.25 to 1.05 and the uncertainty range shifted from 1.31 -1.20 to 1.09 -1.01 with age increasing from 10 to 65 years. Three subjects scored below and 8 subjects scored within the uncertainty range. The correlation between the RRmax/ RRmin ratio and resting HR was very poor (r = 0.19).
Correlation Between HR Changes After Forced Breathing and Standing Up
The correlation between I-E difference and AHRrnax (r = 0.17) and I-E difference and RRm~/RRmin ratio (r = 0.14) was very poor. Two out of 133 subjects 165 scored in or below the uncertainty range for the I-E difference and AHRmax, and only one in the uncertainty range for the I-E difference and the RRm~x/ RRmin ratio. No subject scored below the uncertainty range for both tests.
Discussion
Instantaneous HR changes induced by deep breathing and standing up are commonly used to assess vagal damage in diabetic autonomic neuropathy. The principal results of the present investigation in a large number of healthy subjects are: test results showed a huge scatter (for instance largest I-E difference seven times smallest difference) and skewed distributions. Analysis of test results after log-transformation enabled defining an 'uncertainty range' based on parametric statistics. Only two subjects scored within or
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The present results are in general agreement with previous studies [1 -3, 8-10] , but comparison of tests scores considered to be the lower limit of normal by different authors (Table 3) shows that the more rigorous analysis in the present study improved the criteria for delineating abnormal from normal in individual testing of reflex vagal heart rate control. The very poor correlation between the HR changes with forced breathing and after standing up emphasizes that different afferent mechanisms are involved [3] . If we assume that these are entirely independent, there is a 1% chance that a healthy individual would score within or below the uncertainty range in both tests, and a 0.06% chance that scores below the uncertainty range would be obtained. Thus, in combination these two tests are eminently suited for bed-side screening of cardiac vagal neuropathy. No subjects had orthostatic hypotension after 1 rain of standing. The immediate HR response to standing showed a striking pattern in time: the peak HR rise was found after about 12 s, the subsequent relative minimum after about 22 s (Table  2 ), values almost identical to those reported in previous studies [12, 15, 16] . Ewing et al. [12] characterized the HR response by calculating the ratio between the 30th and 15th RR-interval. Although the maximal HR was reached near RR15 and minimal HR near RR30 (Table 2) , there were considerable individual differences and the RR30/RR15 ratio was lower than the RRmax/RRmin ratio (Table 2) . Thus, the RRmax/ RRminratio is superior [5, 8] to the RR30/RR15 ratio [10, 17] for testing abnormal vagal HR control in diabetic patients.
